Methods. We queried the Pediatric Hospital Information System for all admissions of patients with chronic kidney disease stage V or V-D who received dialysis during the hospitalization. Admissions were divided into two categories: admissions for HTN, fluid overload or electrolyte abnormalities and admissions for all other causes. We assumed that HD patients did not receive dialysis on weekends, and therefore any admission on Monday occurred following a longer interval from the last dialysis. We assumed that all peritoneal dialysis (PD) patients received dialysis on a daily basis. We used mixed effects logistic regression, clustering by patient within each hospital, to assess the increased odds for cause-specific admission on Monday versus other days of the week. We stratified the analysis by dialysis modality, HD or PD. Results. Among HD patients, the odds ratio of admission for HTN, fluid overload or electrolyte abnormalities was 2.6 (95% CI = 1.4-4.7, P = 0.003) if the admission occurred on a Monday versus other days of the week. The odds of cause-specific admission among PD patients was not significantly different on Monday compared with other days of the week (95% CI = 0.5-1.3, P = 0.8).
Conclusion. Children receiving chronic HD are more likely to be hospitalized for HTN, fluid overload or electrolyte abnormalities following a longer interdialytic interval. Changes to the frequency of outpatient dialysis treatments may decrease admissions in this population and decrease resource utilization in this high-risk population.
I N T RO D U C T I O N
Children and adults with end-stage renal disease (ESRD) receiving outpatient hemodialysis (HD) are typically dialyzed 3 days per week, leaving a single, 3-day interdialytic interval when patients do not receive treatment. Depending on an individual's residual renal function and adherence to dietary restrictions, the prolonged interdialytic interval could worsen the physiological and metabolical disturbances of chronic kidney disease (CKD) [1] . This may exacerbate hypertension (HTN), increase fluid overload or lead to electrolyte abnormalities, such as hyperkalemia, metabolic acidosis or hyperphosphatemia.
There is evidence to suggest that long intervals between dialysis treatments increase the risk of adverse outcomes in HD patients. In adults receiving chronic HD, the frequency of cardiac arrest, mortality and hospitalizations for cardiovascular causes are higher on the day following the longer interval [2] [3] [4] . In comparison, patients receiving peritoneal dialysis (PD) may have fewer of these complications, presumably since they receive daily dialysis and do not experience prolonged intervals without dialysis [2] . Previous studies have focused only on adult patients with ESRD, many of whom have histories of coronary artery disease, repeated hospitalizations for cardiac causes and associated high mortality rates. Although, children with CKD are at high risk of cardiovascular disease when compared with healthy age-matched controls [5] [6] [7] [8] , their cardiovascular reserve is different from adult patients, and their risk of mortality and other adverse outcomes are much lower than for adults with CKD [9] . However, children with CKD have high rates of hospitalization (∼1500 admissions per 1000 patient-years [9] ), and these hospitalizations present a potentially preventable cause of morbidity for children with ESRD.
Therefore, we explored cause-specific hospitalizations after a longer interdialytic interval in children and adolescents with ESRD. We hypothesized that HD patients would have an increased odds ratio (OR) of admission for HTN, fluid overload or electrolyte abnormalities following a longer interval, and that this association would not be present among PD patients
M E T H O D S

Data source
The Pediatric Hospital Information System (PHIS) database contains clinical and billing information from 43 not-forprofit, free-standing children's hospitals in the USA [10] . The database contains all in-patient admissions to PHIS hospitals, totaling >3.3 million admissions since 2004. Each patient in the database has a unique medical record number, and each admission receives a unique discharge number. Hospitals report patient demographic information and admission data including up to 42 diagnosis codes and 21 procedure codes per hospitalization. Additionally, charge data on all medications, laboratory tests, radiological studies, facility utilization and procedures are reported. The reliability and validity of data [11] are checked prior to inclusion in the final database, and PHIS data are freely available for use by participating institutions.
Study population
We queried the PHIS database for all in-patient admissions with a procedure code for HD (ICD-9 code 39.95) or PD (ICD-9 code 54.98) from January 2006 to December 2010 and included subjects ≤19 years of age at the time of discharge. We included only admissions from hospitals whose dialysis units perform chronic HD only on a Monday/Wednesday/ Friday (M/W/F) schedule. We ascertained these hospitals by contacting each dialysis unit by telephone and inquiring the unit staff about the usual schedule of the dialysis unit. We assumed that chronic HD patients admitted to these hospitals only received dialysis at the admitting hospital and only on a M/W/F schedule. We also assumed that chronic PD patients admitted to these hospitals received dialysis on a daily basis.
To identify subjects with ESRD rather than acute kidney injury, we excluded any admission that did not have an associated International Classification of Diseases code (Ninth Revision, Clinical Modification, ICD-9-CM) for CKD stage V (585.5) or CKD stage V-D (585.6) among the coded diagnoses. Since patients receiving PD on a chronic basis may receive HD while hospitalized due to PD failure, any patient admitted for infection due to PD catheter or a mechanical complication of a PD catheter was classified as a chronic PD patient. We used the ICD-9-CM codes for each admission to identify the underlying kidney disease as either glomerular or congenital/obstructive. After identifying eligible admissions, we divided all hospitalizations into two groups according to the principal ICD-9-CM diagnosis code. The first group included admissions for HTN, fluid overload or electrolyte abnormalities ( Table 1 ). The second group included admissions with all other principal diagnoses.
Analysis
We generated the day of the week the admission occurred according to the date of admission. Assuming each patient received dialysis only on an M/W/F schedule, the interval from the last dialysis treatment on Friday to admission on a Monday was 3 days, and admissions occurring on any day other than Monday would occur following an interval of 1-2 days from the last dialysis treatment. Therefore, admission occurring on Monday would occur following a longer interdialytic interval and admissions occurring on any other day of the week would occur following a shorter interdialytic interval. All admissions of chronic PD patients would occur within 24 h of the last dialysis treatment since we assumed that PD patients were dialyzed on a daily basis.
Statistical analysis
We reported descriptive statistics for patient and admission characteristics including medians and interquartile ranges (IQR) for patient age, length of stay and number of admissions per patient. Differences between PD and HD patients were tested using the two-sample test of proportion and the ranksum test where appropriate. We used mixed effects logistic regression, clustering by patient and admitting hospital, to account for multiple patient admissions across multiple hospitals during the study period. We calculated OR and 95% confidence intervals (CI) to test the association between admission for HTN, fluid overload or electrolyte abnormality and admission on Monday versus other days of the week, i.e. admission after a longer (3 days from the last treatment) versus a shorter interval (1-2 days since last treatment). We stratified the analysis by dialysis modality, HD or PD. We adjusted for age, primary payer, underlying renal disease and race since we hypothesized that these variables may be related to risk of admission for HTN, fluid overload or electrolyte abnormalities. All analyses were performed using the STATA statistical software (Version 12.0).
Sensitivity analyses
We performed two sensitivity analyses on our assumption that no patients received HD on a weekend. First, we ascertained the frequency of chronic HD on weekend days at all centers by telephone survey. We then performed an analysis under a new assumption that 2% of the HD patients admitted on a Monday had received HD the day prior, since previous studies [3] have reported the rate of HD treatments on Sunday at ∼2%. We used a bootstrap technique to reclassify 2% of Monday admissions of HD patients as occurring after a shorter interdialytic interval from the last dialysis treatment and then re-analyzed our data using 1000 simulations.
We performed another sensitivity analysis since, in general, fewer admissions occurred on weekend days (Saturday and Sunday) than on week days (Figure 1 ). More specifically, a 'weekend effect' seems to exist whereby a disproportionally higher number of admissions occur on Monday. This may be especially relevant for HTN-related admissions, as many patients may have asymptomatic HTN, and they may be more likely to be admitted on days when their blood pressure is 
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checked by a medical provider. Therefore, comparing admissions on Monday to groupings containing a weekend day (i.e. Saturday or Sunday) may increase the size of the observed association. To address this concern, we re-analyzed the data after excluding admissions occurring on weekend days.
R E S U LT S
There were a total of 1257 hospital admissions, among 582 patients, which met our inclusion criteria in the 16 PHIS hospitals that routinely perform chronic HD on an M/W/F schedule. The distributions of principal diagnoses for HD and PD patients are shown in Figure 2 . HD patients were admitted for fluid overload more than PD patients (P = 0.04) ( Table 1) . There were 511 admissions among 257 chronic HD patients and 746 admissions among 325 chronic PD patients. Patient characteristics of the cohort are shown in Table 2 . The median subject age was 13 years (IQR: 6-16 years), and HD patients were older than PD patients (P < 0.001). Approximately 51% of patients were male and 50% of patients were black, with a higher percentage of black patients among the HD admissions (P < 0.001). We were able to identify and underlying diagnosis in 857 admissions, 465 (37.0%) had underlying glomerular disease and 392 (31.2%) had congenital or obstructive disease. The median length of stay for admission was 3 days (IQR: 2-6 days) and the median number of admissions per patient during the study period was 3 (IQR: 2-6). Approximately 18% of patients had Medicare, 45% had Medicaid and 21% had commercial insurance as the primary payer. HD patients were more likely to have Medicaid (P < 0.002) and less likely to have Medicare (P < 0.007) as primary payer (Table 2) . Among chronic HD patients, there were 132 admissions which occurred on Monday, following the longer interdialytic interval, and of these 41 (31.1%) were for HTN, fluid overload or electrolyte abnormalities. In comparison, among chronic PD patients there were 146 admissions which occurred on Monday, and of these 31 (21.2%) were for HTN, fluid overload or electrolyte abnormalities. (Table 3) In univariate analyses, age, race, underlying diagnosis and primary payer were not associated with an increased OR of admission for HTN, fluid overload or electrolyte abnormalities among chronic HD 
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I n t e r d i a l y t i c i n t e r v a l a n d h o s p i t a l i z a t i o n patients. After adjusting for these potential confounders, the OR of being admitted for HTN, fluid overload or electrolyte abnormalities was more than twice as high (OR = 2.6, 95% CI = 1.4-4.7, P = 0.003) if the admission occurred following a longer interval when compared with other days of the week (Table 4) . Conversely, among chronic PD patients, there was no significant association between admission for HTN, fluid overload or electrolyte abnormalities and admission on Monday (OR = 0.8, 95% CI = 0.5-1.3, P = 0.5).
Sensitivity analyses
No PHIS hospital in our study routinely performed chronic HD on a weekend as ascertained by phone survey of dialysis unit staff. Outpatient dialysis of a chronic HD patient on a weekend occurred rarely, and only on an emergent basis. After re-classifying 2% of admissions which occurred after the long interdialytic interval (3 days since last treatment) as having occurred <3 days from the last dialysis, and performing 1000 simulations, the odds of admission for HTN, fluid overload or electrolyte abnormalities was 2.7 (95% CI = −2.6-7.9, P = 0.4) if the admission occurred after a longer interval. This point estimate remained of similar magnitude and direction as our previous estimate, although the 95% CI was no longer significant.
After eliminating admissions which occurred on weekend days from the analysis, there still remained a significant association between admissions for HTN, fluid overload or electrolyte abnormalities following a longer interdialytic interval (OR = 2.8 95% CI = 1.4-5.6 P = 0.003) among chronic HD patients. Again, there was no association between admission on Monday and admission for HTN, fluid overload or electrolyte abnormalities among chronic PD patients (OR = 0.7, 95% CI = 0.4-1.2, P = 0.2) in this sensitivity analysis.
D I S C U S S I O N
Our analysis demonstrates that chronic HD patients are more likely to be admitted for HTN, fluid overload or electrolyte abnormalities than for other diagnoses following a longer interdialytic interval. This association did not exist among admissions of chronic PD patients. These results were robust to increasingly conservative assumptions tested in sensitivity analyses assessing the accuracy of our interdialytic interval measure and potential 'weekend effect'. These findings are physiologically plausible and consistent with previously published reports in adult patients demonstrating an increased risk of hospitalizations and mortality following a longer interdialytic interval.
Bleyer et al. [2] analyzed USRDS data to compare the proportion of cardiac deaths in adult HD and PD patients occurring on each day of the week. Among HD patients, 18.4% of sudden deaths and 18.1% of cardiac deaths occurred on a Monday versus the 14.3% which would have been expected. Among PD patients, the percent of cardiac deaths (14.8%) and sudden deaths (15.5%) occurring on Monday did not differ significantly from the expected proportion (14.3%). Karnik et al. [4] reviewed data on cardiac arrests occurring in dialysis units over a 9-month period. The authors found that cardiac arrest was about two times more frequent during Monday dialysis sessions compared with other days of the week. Recently, Foley et al. [3] concluded that admissions for myocardial infarction, congestive heart failure, stroke, dysrhythmia and any cardiovascular event were ∼1.5-2 times higher following a longer interval.
HTN is common in patients with CKD and ESRD [5, 8, 12, 13] , and it is an important modifiable risk factor for cardiovascular disease, which remains the leading cause of death for children with kidney disease [8] . Fluid overload [14] , higher post dialysis systolic blood pressure [15] and high pulse wave velocity [16] , a marker of fluid status, have all been associated with mortality in dialysis patients. We speculated that admissions for HTN and fluid overload are a marker of significant underlying cardiovascular disease risk, making the association between a longer interval from dialysis treatment and admissions for these diagnoses quite concerning. Additionally, hospitalization represents a significant cost of ESRD care, increased morbidity for patients, and has also been associated with increased mortality [17] , therefore reducing hospitalizations is important in this population.
More frequent in-center and home dialysis regimens decrease mortality and improve the left ventricular mass in adult patients [4, [18] [19] [20] [21] . Furthermore, more frequent dialysis improves control of HTN [22] , metabolic derangements [23, 24] and reduces plasma levels of brain natriuretic peptide [25] . Extending the results of these adult studies to children, we believe that more frequent HD may reduce admissions for HTN, fluid overload or electrolyte abnormalities in pediatric patients. In our study, the percent admissions for HTN, fluid overload or electrolyte abnormalities which occurred on Monday (31.1%) was nearly twice as high as on other days of the week (16.4%). Further research is needed to ascertain if avoiding an interdialytic interval of >2 days would potentially reduce the number of these cause-specific admissions.
The effects of the availability of medical services on nights, weekends and holidays have been examined in several other populations [26, 27] . While results have been mixed, there is evidence that patients admitted during times of decreased hospital staffing have higher morbidity, mortality and costs of care [26] . Similarly, delaying infant discharge from the neonatal intensive care unit over a weekend leads to increased costs of care for the infant in the first 6 months of life [27] . As reviewed in this paper, prolonging the interdialytic interval due to a weekend is associated with significant adverse patient outcomes [2] [3] [4] . The possibility exists that prolonging the interdialytic interval could increase the risk of other adverse outcomes for HD patients. However, in our analysis when we examined the association between longer interval and admission for infection or admission for complications of dialysis access, no significant association was demonstrated (data not shown).
Our study has several important limitations. The PHIS database does not contain information on outpatient dialysis treatments. Therefore, we were unable to ascertain the exact interval from the last dialysis treatment to the day of admission which may lead to misclassification in the case of missed dialysis treatments, change in dialysis schedule or extra treatments. However, we believe that any misclassification of the interval from the last dialysis treatment to admission would have biased our results toward the null hypothesis. Additionally, our survey of the dialysis units in our sample demonstrated that weekend dialysis was a rare and infrequent event. Our bootstrap analysis was not significant; however, the point Table 4 . Multivariate analysis of odds of admission for HTN, fluid overload, or electrolyte abnormalities on Monday versus all other days of the week among HD patients and PD patients Adjusted OR is adjusted for patient age, race, underlying diagnosis and primary payer. *P < 0.002. **P < 0.003.
estimate of the OR was in the same direction and of the same magnitude as our primary analysis. However, the possibility remains that the higher odds of admission on Monday for HTN-related causes may reflect, in part, medical attention on weekdays versus weekend days, as suggested by both our PD and HD cohorts. But even when considering the contribution of medical attention to the risk of admission, there still remains a gap in the risk of admission between HD and PD patients. This suggests that dialysis frequency or modality may contribute to risk of cause-specific admission (Figure 2) . Similarly, we were unable to ascertain if admission occurred before or after a dialysis treatment, and we are unable to examine shift-associated differences which have been previously demonstrated [25] . This study examined a data set which does not contain information on residual renal function, dialysis adequacy, length of dialysis treatments or amount of fluid removal during dialysis treatments. Additionally, the information on patients' underlying renal diagnosis was incomplete, and we did not have information on dialysis vintage of each patient at the time of admission. We were therefore unable to adjust for these potentially important variables in our analysis. However, our statistical analysis accounted for potential hospital level differences in practice and repeated measures among patients. Nonetheless, future studies should examine these important factors.
The PHIS database is limited to patients admitted to freestanding children's hospitals. These patients may not be representative of the general, pediatric chronic dialysis population. The cohort was composed of admitted patients; therefore, children at higher risk of admission may be over represented in our data. In 2010, the median age of all HD patients younger than 20 years was 17 years (IQR: 13-19), 55% were male and 30% were African American [9] . Our cohort was slightly younger and had a higher percentage of patients categorized as black. Older HD patients are more likely to receive treatment at adult centers and younger patients are more likely to be hospitalized [9] , which may explain the age difference between our cohort and national data. Since African-American HD patients are more likely to be hospitalized [9] , this may explain the racial difference between our cohort and the national data.
CO N C L U S I O N
Children with ESRD on HD are more likely to be hospitalized for HTN, fluid overload or electrolyte abnormalities following a longer interdialytic interval. We speculate that these hospitalizations are potentially preventable if future research continues to support the benefits of alternative dialysis schedule. Future research to examine the risks and benefits of more frequent dialysis in children is needed.
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